Summary &horbar; Two species of rumen fungi, Piromyces (Piromonas) communis FL and Caecomyces (Sphaeromonas) communis FG10, were cultured alone or in association with the cellulolytic bacteria Ruminococcus flavefaciens or Fibrobacter succinogenes on maize stem. A kinetic study of the degradation of the substrate was then made. After 48 h of culture, all non-lignified tissues observed by scanning electron microscopy disappeared with P communis and degradation was as complete as that observed in the rumen. In contrast, C communis degraded little of the plant cell walls. The ability of P communis to more rapidly degrade maize stem was probably due to the presence of filamentous rhizoids. The extent of dry matter loss after 8 days of incubation was practically the same in all the monocultures and in the 4 cocultures. However, the rate of degradation was faster in the bacterial than in the fungal monocultures and the co-cultures. 
INTRODUCTION
Anaerobic rumen fungi have the ability to hydrolyze all polysaccharides except pectin in the plant cell wall, producing formate, acetate, lactate, ethanol, carbon dioxide and hydrogen (Mountfort, 1987; Orpin and Joblin, 1988; Fonty and Joblin, 1990 ).
All the fungal species produce an extremely wide range of polysaccharidases and glycosidases (Fonty and Joblin, 1990) . In vitro, they are able to degrade large amounts of incubated plant material (Akin et al, 1983) . Theodorou et al (1989) showed that a strain of Neocallimastix removed about 53% of the cell walls or about 75% of the structural polysaccharides in Italian ryegrass hay after 6 d of incubation. However, species vary in their abilities (Gordon and Ashes, 1984;  Orpin, 1983 , 1984 Bernalier et al, 1991) and little is known about the specific role of each species in the degradation of plant tissues (Grenet et al, 1989a,b Mountfort, 1981; Mountfort et al, 1982; Fonty et al, 1988; Joblin et al, 1989; Marvin-Sikkema et al, 1990 The fungal inocula were composed of 0.5 ml of a 48-h-old culture on cellobiose (10 3 -10 4 zoospores/ml) and the bacterial inocula of 0.5 ml of a 24-h old culture on cellobiose (10 8 bacteria/ ml). Co-cultures were made by inoculating the 2 microorganisms simultaneously.
The extent of dry matter (DM) disappearance from maize stem was measured in triplicate after 2, 4, 6 and 8 d of incubation at 39 °C. Noninoculated tubes were used as controls.
At the end of culture, the tubes were centrifuged at 900 g for 15 min. The supematant was removed for analysis of the end-products of fermentation and the pellet was washed 3 times with distilled water. The tubes were dried at 80 °C for 72 h. They were then weighed and the amount of substrate degraded was calculated.
The products of carbohydrate fermentation were analysed by gas chromatography (volatile fatty acids, ethanol and gas) (Jouany, 1982) (1988) on the degradation of cellulose filter paper by P communis, our findings showed that the cellulolytic bacteria R flavefaciens and F succinogenes had a greater ability to degrade maize stem than the 2 fungal species studied. The discrepancy between results may be due to the nature of the media used. P communis degraded maize stem faster than C communis (55 as against 45% of substrate degraded after 4 d of culture). Electron microscopic observations confirmed this greater effectiveness of degradation as C communis was seen to colonize the substrate much later than P communis. Our results are in agreement with those of Gordon and Ashes (1984) , Orpin (1983 Orpin ( , 1984 and Bernalier et al (1991) , who have already shown that the fungal species possessing rhizomycelia (Neocallimastix and Piromonas) degrade plant cell walls more effectively than those with vesicles (Caecomyces). The filamentous rhizoids of P communis allow it to penetrate deep into the plant tissues and thereby increase its hydrolytic activity. Bauchop (1979) and Ho et al (1988) have shown that filamentous rhizoids can penetrate plant tissues up to a depth of 450 !m. As a result of their hydrolytic activity against the polysaccharides of the plant cell walls they modify the mechanical resistance of the tissues (Akin et al, 1983; Akin et al, 1989 ). In addition, Joblin (1989) Therefore, the interactions between bacteria and cellulolytic fungi in the rumen seem to vary depending on the substrate.
